The Marianas Trench Marine National Monument (MNM) currently extends policy-based protection to deep-sea ecosystems contained within it, but managers require better understanding of the current knowledge and knowledge gaps about these ecosystems to guide decision-making. To address this need, we present a case study of the Marianas Trench MNM using in-depth interviews to determine scientists' (1) current understanding of anthropogenic drivers of change and system vulnerability in deep-sea ecosystems; and (2) perceptions of the least understood deep-sea ecosystems and processes in the Marianas Trench MNM, and which of these, if any, should be research priorities to fill knowledge gaps about these systems and the impacts from anthropogenic drivers of change. Interview respondents shared similar views on the current knowledge of deep-sea ecosystems and potential anthropogenic drivers of change in the Marianas Trench MNM. Respondents also identified trench and deep pelagic (bathyal, abyssal, and hadal zones) ecosystems as the least understood, and highlighted climate change, litter and waste, mining and fishing, and interactions between these drivers of change as critical knowledge gaps. To fill key knowledge gaps and inform conservation decisionmaking, respondents identified the need for monitoring networks and time-series data. Our approach demonstrates how in-depth interviews can be used to elicit knowledge to inform decision-making in data-limited situations.
Introduction
The deep sea (locations at 1000 m depth or below) is the largest ecosystem on Earth, containing numerous sub-habitats with unique abiotic and biotic characteristics (Glover and Smith 2003) . Despite supporting a high diversity of organisms and the increasing exploitation of natural resources by humans, these systems remain some of the least well understood on Earth (Ramirez-Llodra et al. 2011) . At the same time, anthropogenic drivers of change, including human-induced climate change, are thought to increasingly impact deep-sea ecosystems, processes, and species (Mora et al. 2013; Barbier et al. 2014; Levin and Le Bris 2015) . Warming, acidification, deoxygenation, and alterations in productivity are considered four major anthropogenic drivers of climate change for ocean ecosystems (Bopp et al. 2013 ).
In response to ongoing global changes, governments are beginning to embrace large (>10 000 km 2 ) marine protected areas (MPAs), contributing to the increase in global MPA coverage (Gruby et al. 2016) . It is assumed that ecosystems protected within these large marine reserves will be better able to adapt to changes across local to global scales, and will be less impacted by anthropogenic drivers of change such as land-based runoff, pollution, and fishing pressure. Previous studies have demonstrated large, unfished, and uninhabited remote coral reef ecosystems, such as those in the Chagos Archipelago, to be more resilient to previous warming anomalies, primarily because the region is largely devoid of chronic anthropogenic pressures (Graham and McClanahan 2013) . Similarly, it is anticipated that ecological benefits will accrue to ecosystems protected within large marine reserves. Broader conclusions about the value of large MPAs are premature given how recently many of the areas have been established (Gruby et al. 2016) . At the same time, investigating deep-sea ecosystems that are located within large MPAs is hindered by their remoteness, technological limitations, and the high cost of many remote sensing and in situ techniques for gathering data in the deep sea (Glover and Smith 2003) . These limitations make it difficult to make informed decisions about management and policies for these deep-sea systems.
The Marianas Trench Marine National Monument (MNM), a large MPA, was established in 2009 and was designated based on the area's scientific significance (US Fish & Wildlife Service 2010) . Despite being a subject of policy-based protection, scientific understanding of potential anthropogenic impacts on these systems remains limited. Despite these limitations in data and knowledge, government agencies responsible for managing the conservation of deep-sea biodiversity within the Marianas Trench MNM require information on our best current understanding of anthropogenic drivers of change impacting these deep-sea ecosystems, as well as an understanding of current limitations in knowledge and perceived research priorities to foster more effective decision-making. Through a National Oceanic and Atmospheric Administration (NOAA) project, we were tasked with identifying, and potentially quantifying, anthropogenic drivers of change impacts on deep ecosystems within the Marianas Trench MNM. Based on initial discussions with several experts working on deepsea ecosystems in the Marianas Trench MNM, we determined it was infeasible to carry out a quantitative spatial assessment of anthropogenic drivers of change impacting these systems (sensu Halpern et al. 2008) . Specifically, both data on the spatial distribution of drivers of change and knowledge of the relative ecological impact of different drivers were too limited. Given these limitations in knowledge and understanding, we used the Marianas Trench MNM as a case study (Eisenhardt 1989; Cavaye 1996) to discover more about scientists' perceptions of knowledge about deep-sea ecosystems in the study area.
The objectives of our study were twofold. First, to bring together and document scientists' current understanding of anthropogenic drivers of change and system vulnerabilities in the deep-sea ecosystems of the Marianas Trench MNM; and second, to identify the least understood deep-sea ecosystems, processes, or species in the Marianas Trench MNM, and which of these should be research priorities to fill knowledge gaps about these systems and impacts from anthropogenic drivers of change. To achieve these objectives, we conducted structured interviews with scientists that have experience and knowledge of deep-sea systems within the Marianas Trench MNM. It is important to highlight that case studies like ours are often not generalizable according to quantitative standards because qualitative research is typically specific to a single or small number of ecosystems or individuals (Maxwell 1992; Flyvjerg 2016) . That said, we are unaware of similar case studies, and ours could offer Januchowski-Hartley et al. a starting point to deepen our understanding of deep-sea research and conservation needs. Individual case studies, such as the one presented here, offer in-depth analyses and high internal validity (Gerring 2007; Flyvjerg 2016) , and cross-case comparisons can deepen our understanding of the phenomena of interest (Miles and Huberman 1994) .
Methodology
The Marianas Trench MNM is a large MPA founded in 2009 by a United States Presidential Proclamation, affording policy-based protection to the deep-sea ecosystems, and the species they support, within the boundaries of the monument (Proclamation No. 8335, 3 C.F.R. 3 2009) . The Marianas Trench MNM consists of three units: island, trench, and volcano. The trench and volcano units are the focus of our study, but we refer to all three of these in our explanation of the study area. From 21 December 2016, the islands unit and all submerged lands associated with that unit of the Marianas Trench MNM were transferred, via patent, from the United States to the Commonwealth of the Northern Mariana Islands. This transfer means that the lands, waters, and natural resources within the islands units of the Marianas Trench MNM will be managed and maintained by the Commonwealth of the Northern Mariana Islands not the United States. The trench and volcano units, the primary focus of our study, are managed and maintained by the NOAA and the United States Fish and Wildlife Service (USFWS).
Decision makers within the responsible United States' federal government agencies (the USFWS and the NOAA) have indicated that there is a limited understanding of the anthropogenic drivers of change (e.g., climate change) in deep-sea ecosystems within the Marianas Trench MNM (S. Brooke, personal communication, 2014) . Our case study was bounded geographically by the extent of the Marianas Trench MNM and seven of its deep-sea ecosystems, including the following: bathyal plain (seafloor from 1000 to 4000 m), bathypelagic (pelagic zone from 1000 to 4000 m), abyssal plain (seafloor from 4000 to 6000 m), abyssopelagic (pelagic zone from 4000 to 6000 m), hydrothermal vent (depth varies; form along mid-ocean ridges), seamount (depth varies; mountain rising from the ocean seafloor that does not reach the surface, and trench (6000-11 000 m; hadal zone).
We used a purposive sampling approach, recruiting both individual academic and government scientists with expertise of deep-sea ecosystems (1000 m depth or below) in the Marianas Trench MNM. We identified individuals through an initial review of the literature and an online search for deepsea ecosystems, ecology, and global change. We further recruited individuals based on suggestions from interview participants through a snowball approach. We considered the scientists we interviewed to be experts, because they had specialized knowledge about: (a) deep-sea ecosystems occurring at 1000 m depth or below in the Marianas Trench MNM, (b) anthropogenic drivers of change and potential impacts to the deep-sea ecosystems (at 1000 m depth or below) in the Marianas Trench MNM, or (c) expertise of similar deep-sea ecosystems elsewhere in the world (as determined from academic publications, involvement in global and regional scale deep-sea research projects and workshops). Based on these criteria, we identified and invited 22 deep-sea scientists to participate in this study, and of these, seven agreed to participate (32% participation rate based on the 22 scientists initially contacted), two declined to participate, and 13 did not respond to our invitations. The names, affiliations, and expertise of the seven scientists that we interviewed are presented in Table 1 ; all seven respondents agreed to be identified in publications derived from our interviews.
Our interview protocol was developed over a six-month period, and rigorously reviewed by both marine scientists and social scientists, including a pilot interview with one deep-sea scientist. The protocol was also reviewed by the Texas A&M University-Corpus Christi Institutional Review Board, and the right to conduct research involving human subjects was granted on 24 February 2015 (IRB #139-14). All interviews were conducted by the first author, following a structured protocol, Januchowski-Hartley et al. To explore respondents' understanding of human-induced climate change as a driver of change in deep-sea ecosystems, we asked them additional open-ended questions, and asked them about their understanding of how climate change interacts with other drivers of change (i.e., those they identified in response to our first question) to potentially impact deep-sea ecosystems. These questions were informed by previous research on climate change and deep-sea ecosystems (e.g., Ruhl et al. 2008; Levin and Le Bris 2015) .
• In what ways is human-induced climate change currently driving change in deep-sea systems in the Marianas Trench MNM?
• In what ways do the anthropogenic drivers of change you listed for Question 1 currently interact with human-induced climate change to impact deep-sea systems in the Marianas Trench MNM?
• What do you perceive to be the causes of vulnerability to human-induced climate change for deep-sea ecosystems in the Marianas Trench MNM both now and over the next several decades (to 2050)?
Finally, we asked respondents about potential knowledge gaps, including the identification of systems, species, or processes that were the least understood, and asked them to identify any perceived research and conservation management priorities for deep-sea ecosystems in the Marianas Trench MNM.
• In your opinion, which deep-sea systems, species, or processes in the Marianas Trench MNM are least understood?
• In your opinion should these systems, species, or processes be research priorities?
• If so, why, and what types of studies are needed? • What, if any, are critical knowledge gaps in understanding the impact(s) of anthropogenic drivers of change on deep-sea systems in the Marianas Trench MNM? What is needed to fill these knowledge gaps?
• How would you rate the current understanding of anthropogenic drivers of change to the following deep-sea systems in the Marianas Trench MNM?
Due to each individual's particular expertise and variable time constraints, the degree to which specific topics were discussed varied across respondents. Information on scientist's experience working with deep-sea ecosystems was also collected at the end of each interview. All interviews were audiorecorded and transcribed by transcription professionals at TranscribeMe (transcribeme.com/). All transcriptions were visually checked, cross-checked with notes, and then transferred and coded in Microsoft Excel by the first author. When possible, and for key topics, we indicate commonality in the expert responses. We report all expert views anonymously; interviewees were assigned a number at random, and these numbers (in parentheses) are used at beginning of excerpted quotes, indicating the response of particular respondents.
Results and discussion
We report on the views of scientists about deep-sea ecosystems in the Marianas Trench MNM, presenting perspectives on: (1) anthropogenic drivers of change; (2) human-induced climate change as a driver of change; and (3) gaps in knowledge and understanding, and perceptions about what is needed to fill the gaps.
Scientists' perceptions of current anthropogenic drivers of change to deep-sea ecosystems When asked about potential drivers of change in seven deep-sea ecosystems (bathyal plain, bathypelagic, abyssal plain, abyssopelagic, hydrothermal vent, seamount, or trench), the majority of respondents could not comment on drivers of change specific to a system or depth zone. Instead, respondents tended to identify both observed and possible anthropogenic drivers of changes to all ecosystems occurring below 1000 m in the Marianas Trench MNM. Where possible, we highlight drivers of change to specific systems as provided by respondents.
One respondent also stated that they were unable to comment on drivers of change in the Marianas Trench MNM, specifically, and did not offer a response. All other respondents offered responses based on their knowledge of deep-sea ecosystems in the Marianas Trench MNM or in other regions, and drew on broader knowledge and understanding of anthropogenic drivers of change to make informed statements about possible anthropogenic drivers of change to the deep-sea ecosystems in the Marianas Trench MNM. Where applicable, we include an indication of certainty in responses about an anthropogenic driver of change, for example: (4) The ocean is warming. It's maybe not as warm at the Mariana [Trench] as some other places, but it is warming. That potentially is going to affect a lot of different things. We don't know exactly how, but it probably require[s] more energy.
In such cases, where respondents seemed to draw on experience or knowledge from other regions we asked them to clarify if they were referring to the Marianas Trench MNM specifically or if they were drawing on knowledge and understanding from other regions and ecosystems. These clarification Januchowski-Hartley et al. Respondent opinion varied, but the majority (five of the six respondents) broadly perceived that fishing, climate change (primarily through changes in ocean acidification), and the dumping of physical, non-biodegradable waste (e.g., plastics, ammunition, mining waste) are current anthropogenic drivers of change influencing deep-sea ecosystems in the Marianas Trench MNM: (3) : : : on the sea mounts, there is the potential for fishing. Whether that extends below a thousand meters, we don't know, because I'm not convinced that we have a very good idea of what the seamount fish resources are like in some of the seamounts in this area.
(2) I don't have any insight into what we can expect in the deeper ocean ecosystems from ocean acidification. But that's certainly going to have some influence as well. Other influences within the [Marianas Trench] Marine National Monument, it's just going to be the garbage-the refuse-that we release from the surface that settles down.
(5) We know that material is sinking down there. In other abyssal systems, I've been analysing fish and I find that they have higher mercury levels than shallow fish, and we're about to do that on some Mariana trench fish. Other views were less commonly volunteered, and often were not attributed to a single system, per se, but perceived to impact "bottom" ecosystems such as bathyal and abyssal plains as well as trench ecosystems. One respondent identified that pollution, in the form of noise, light, chemical, and biodegradable waste (e.g., plant, animal byproducts), is likely to be an anthropogenic driver of change for plains and trench ecosystems. Recently, and after the completion of our interviews, Jamieson et al. (2017) showed that persistent organic pollutants are present in trench ecosystems in the Marianas Trench MNM, and that polychlorinated biphenyl concentrations were exceptionally high in amphipod species. Our respondents' perceptions about anthropogenic drivers of change in the Marianas Trench MNM corroborated with earlier findings (Halpern et al. 2007 ) about scientists' perceptions of anthropogenic drivers of change influencing the world's deep-sea environments.
It is worth reiterating the difficulty that the respondents had with assigning anthropogenic drivers of change to specific deep-sea ecosystems. Respondents consistently highlighted limited understanding of human impact on specific deep-sea ecosystems, and tended to associate gaps in knowledge for the Marianas Trench MNM with limited research and sampling opportunities.
Human-induced climate change and deep-sea ecosystems
We were also interested in scientists' understanding of how human-induced climate change is a driver of change in deep-sea ecosystems, and their understanding of how climate change interacts with other drivers of change (those presented above) to impact deep-sea ecosystems. Nearly all respondents (five of the seven) identified climate change as an anthropogenic driver of change to deep-sea ecosystems, but found it challenging to explicitly identify the ways that it is driving change in deep-sea ecosystems in the Marianas Trench MNM. Two respondents could not respond or thought that our current Januchowski-Hartley et al. (3) We have no idea; that's the short answer. I can tell you about how climate change may be affecting things either off the coast of California, or on the Porcupine Abyssal Plain, or on some of the continental slopes elsewhere in the world. But we have no such studies in the deep areas of the Marianas Trench Monument.
Drawing on knowledge from deep-sea ecosystems in the Marianas Trench MNM as well as other deep-sea ecosystems, the majority of respondents perceived that climate change is influencing changes in productivity (i.e., food supply) and increasing acidification and water temperatures in the Marianas Trench MNM.
(1) The [change in] net primary productivity is going to affect all the depths. It attenuates, but the deeper depths tend to be lower food, although trench ecosystems are much higher food ecosystems anyway. So I don't know if they'll be as sensitive to the changes. It's hard to say.
In addition to identifying individual anthropogenic drivers of change and potential impacts on deep-sea ecosystems, a growing number of studies focus on the cumulative impacts of anthropogenic drivers of change on different ecosystems (Halpern et al. 2008) . We asked our group of deep-sea scientists about the potential interactions between the different anthropogenic drivers of change that they perceived to be impacting deep-sea ecosystems in the Marianas Trench MNM. We also asked the scientists to identify the causes of deep-sea vulnerability to human-induced climate change. The majority of respondents indicated that based on current knowledge it was difficult to identify how human-induced climate change could interact with other anthropogenic drivers of change to impact deep-sea ecosystems in the Marianas Trench MNM.
(2) One could speculate that by having a significant input into energy sources for organisms in hadal ecosystems, you're going to influence the kinds of micro-organisms that flourish there and that's going to have a variety of follow-on effects. But we don't know that that's the case at all, so that's pure speculation.
More than half (four of the seven) of the respondents couldn't comment on the causes of deep-sea ecosystem vulnerability to human-induced climate change in the Marianas Trench MNM. The remaining respondents highlighted that deep-sea ecosystems, apart from hydrothermal vents, both in the Marianas Trench MNM and more broadly, are vulnerable to human-induced climate change because the ecosystems are typically food limited, the species are slow-growing and longlived (some fishes are decades and even centuries old), and the surrounding ecosystem (temperature, water pH) has been relatively constant for millennia (Glud et al. 2013; Mora et al. 2013 ).
(3) They're vulnerable because they are typically food-limited ecosystems, and the processesthe ecological processes-proceed at very, very slow rates in the deep sea.
(5) For the deep sea, what we don't know is how adaptable those organisms are. I suspect they're less adaptable because they've been in very constant ecosystem as far as temperature goes, for example. You get below 1000 meters and it's pretty much the same temperature for millennia, maybe around two degrees centigrade.
Respondents highlighted the dependence of deep-sea ecosystems on food supplies from shallow water ecosystems, a point also raised by Glud et al. (2013) . It was noted that as shallower water ecosystems are impacted by climate change or other anthropogenic drivers of change, food supplies to the deep Januchowski-Hartley et al. sea could change. Given the low-energy state of deep-sea ecosystems, any changes to available food supply from above could further increase vulnerability (Ruhl et al. 2008 ).
(5) So even if there isn't a direct effect on the deep sea, which there probably is, but even without that, if we decrease the amount of plankton and so on in the shallow sunlit waters, that's going to greatly reduce the amount of food in the deep sea. So it's [being] only dependent on that one food source that could make them more vulnerable as well.
Overall, respondents shared that a general lack of knowledge exists about anthropogenic drivers of change, particularly with regard to climate change, in the Marianas Trench MNM, and consistently linked this to limitations in data and research opportunities. Perhaps not surprising, then, respondents were better able to respond, and expand on their responses, to our questions about knowledge gaps and information needs.
Knowledge gaps and research priorities for deep-sea ecosystems in the Marianas Trench MNM
When considering which deep-sea ecosystems, species, or processes in the Marianas Trench MNM are least understood, respondents tended to identify particular ecosystems and processes, rather than specific species. The majority (five of the seven) of respondents highlighted that trench and deep pelagic (bathyal, abyssal, and hadal zones) ecosystems are the least understood, and suggested that these ecosystems are research priorities for this reason. Respondents stated that the trench and deep pelagic ecosystems are least understood because of the challenges of access and sampling them. (4) Not even scientific subs, at the moment maxing out at about six and a half thousand meters. So they're only just tickling into the trench at those sorts of depths. Trench systems basically have not been sampled very often and they have not been studied very often, and therefore we know the least about them.
In addition to identifying those systems that are least understood, respondents highlighted gaps in the knowledge of ecosystem processes, and further identified these as research priorities. Respondents noted a lack of basic understanding of trench and deep-sea pelagic ecosystems, the species they support, and their functions; a perspective supported by Jamieson et al. (2010) in their exploration of hadal trenches. They also highlighted that within and cross-ecosystem processes are poorly understood for deep-sea ecosystems both within the Marianas Trench MNM and more broadly across the world's oceans.
(1) I think we know very little about the dynamics of these systems. : : : Most of the studies are one-time studies-snapshots in time : : : Connectivity-knowing how the trench populations are linked to others in other parts of the Pacific Ocean-that's an important knowledge gap.
(3) We need to understand the role of these trenches : : : it looks like they're acting like faults, and they are accumulating organic matter, and that will affect the distribution of communities.
When considering critical knowledge gaps to understanding the impacts of anthropogenic drivers of change on deep-sea ecosystems in the Marianas Trench MNM, respondents further identified the need to better understand species distributions and factors that drive species distributions in all Januchowski-Hartley et al. deep-sea ecosystems. They also identified a need for time-series data to understand variability and change because of different anthropogenic drivers of change.
(6) So basically some additional sampling, and it could be focused on a subgroup-things that might be easier to sample-and could then be extrapolated?
(7) And given that you don't understand what causes the normal distributions that puts you at great risk of being wrong when you make a management decision about what parameters are going to be impacted by human activity.
(3) For understanding the climate change effect, the acidification, and changes in food supply, we need-particularly for changes in food supply, understanding the impact of that on the deep-sea fauna requires us to understand that relationship between change and influx in community dynamics.
More specific needs were also identified, with several respondents highlighting certain anthropogenic drivers of change as critical knowledge gaps including climate change, litter and waste, and mining and fishing, as well as the interactions between these drivers of change. Indeed, scientists consistently suggested the need for broader scale, cross-ecosystem, and temporal studies to improve our current understanding of deep-sea ecosystems and the potential consequences of anthropogenic drivers of change on ecosystems, processes, and species in the Marianas Trench MNM.
(4) We understand now that plastics are very pervasive in the deep sea, and that they are being incorporated into sediments and organisms and suchlike. But I think we're a long way from really understanding what those responses are by organisms and how persistent those impacts are likely to be in the long term. I think research on litter, particularly the effect of plastics, needs to be increased. In addition to our open-ended questions, we asked scientists to rank the current understanding of anthropogenic drivers of change to deep-sea ecosystems in the Marianas Trench MNM. On average, scientists ranked deep-sea pelagic and trench ecosystems as least understood ( Table 2) ; this corroborated scientists' responses to our open-ended questions about knowledge gaps and research priorities for deep-sea ecosystems and understanding the impacts of anthropogenic drivers of change in the Marianas Trench MNM. Finally, before completing each interview we asked respondents if they had any additional information to share about the Marianas Trench MNM deep-sea ecosystems. No respondents added any new information, but several revisited earlier questions, and offered clarification where points remained unclear.
Knowledge sharing and implications for research and conservation
Deep-sea scientists highlighted broad data and knowledge gaps that limited their ability to comment on current anthropogenic drivers of change to deep-sea ecosystems in the Marianas Trench MNM. Although scientists could comment broadly on likely anthropogenic drivers of change, they often perceived that they couldn't answer in detail or with confidence about the specific anthropogenic drivers of change or their impacts on specific deep-sea ecosystems in the Marianas Trench MNM. Documenting these limitations in knowledge is essential for identifying and guiding research priorities, and in the case of the Marianas Trench MNM is useful for highlighting the limited information to guide any possible management or policy prescription for the monument. We expand on these two points below.
Our results highlight that although deep-sea ecosystems can be broadly defined by depth and topology, in the Marianas Trench MNM there remains limited understanding of the composition of ecosystems in the protected area, the processes both within and between systems, and the natural fluxes in those processes. Although we had intended to identify specific anthropogenic drivers of change impacting certain deep-sea ecosystem types, scientists consistently informed us that level of understanding did not exist for the Marianas Trench MNM. Scientists that we interviewed also consistently highlighted the need for basic understanding of many of the deep-sea ecosystems both within and adjoining the Marianas Trench MNM; a similar point to that raised by Glover and Smith (2003) for other deep-sea ecosystems over a decade ago. It is possible that respondents did not share some of their perceptions because of their uncertainty in the knowledge and understanding of a concept, ecosystem, or anthropogenic driver of change. With this in mind, one direction to expand our work could be to explore more deeply how respondents make their judgements about topics and the degree of certainty for their responses. This refinement might be most valuable if the focus of the interview is limited to a subsection or subset of questions in our interview schedule.
Based on the descriptions and perceptions shared by deep-sea scientists, knowledge and data gaps appear abundant for the deep-sea ecosystems of the Marianas Trench MNM. Through the establishment of the MNM there is now an opportunity to overcome these gaps. A dedicated team of government decision makers and related funding supports an opportunity to expand research and potential conservation efforts. Therefore, the knowledge shared and research priorities identified by scientists interviewed in our study offer a starting point to inform government and researchers about potential research priorities, and to inform conservation decisions and policies for the monument. However, it is important to highlight that although scientists can play a key role in the description of anthropogenic drivers of change and in driving the direction of research and conservation priorities, management and policy prescription for the monument will need to accommodate a broader range of stakeholders and their philosophical positions (Gruby et al. 2016) . Gruby et al. (2016) highlighted, among other things, the need to identify who the different With regard to the management and policies developed to conserve the Marianas Trench MNM, our findings suggest that data and knowledge gaps could hinder any explicit conservation actions related to anthropogenic drivers of change. The scientists that we interviewed highlighted the need for monitoring networks and time-series data to overcome these limitations in data and knowledge in the Marianas Trench MNM. The value of such monitoring networks, particularly with the ability to sample biological components, was previously highlighted by Danovaro et al. (2014) as the future for monitoring needed to evaluate the impact of climate change on deepsea ecosystems. Given the large spatial area and depths covered by the deep-sea ecosystems of the Marianas Trench MNM, achievement of such a network is likely to be challenging. However, with advancing technology this is likely to become increasingly possible over the next decade, and the Mariana Islands have been proposed as a prime location for a deep-sea marine biodiversity observation network site for the tropical Pacific (Duffy et al. 2013) . Priority ecosystems identified by scientists in our study could be the focus of government funding to support the advancement of sampling strategies needed to better understand poorly studied systems in the Marianas Trench MNM.
Conclusion
The findings presented here serve to inform the research community about scientists' perceptions of the current understanding, knowledge gaps, and research needs to both better our basic understanding of deep-sea ecosystems and to guide decision-making for the Marianas Trench MNM. Given a growing number of international groups addressing questions about anthropogenic disturbance in deep-sea ecosystems (e.g., Deep-Sea Stewardship Initiative, and Deep Ocean Observing Strategy), our interviews offer informative perspectives for this emerging field of deepsea science. Importantly, the focused nature of qualitative studies like the one we have presented here often results in a smaller number of participants than quantitative studies, and because of this the exhaustive nature of each case becomes more important than the number of participants (Polkinghorne 1995) . The purposive selection of participants in our study means that our sample is not necessarily representative of knowledge or perspectives held by all stakeholders with an interest in deep-sea ecosystems of the Marianas Trench MNM. However, we are confident that we have determined and qualified perspectives that currently exist about deep-sea ecosystems at or below 1000 m in the Marianas Trench MNM, reaching a saturation of concepts offered in scientists' responses. Although there are no published guidelines or tests of adequacy for estimating the sample size required to reach saturation, Guest et al. (2006) demonstrated, through an evidence-based approach, that meta-themes and the saturation of concepts occur between six and 12 interviews in purposive samples. Finally, our case study was intrinsic, and consequently, our findings are rather specific to the Marianas Trench MNM. However, our study has demonstrated how qualitative research methods can be used to elicit scientists' perceptions of knowledge about specific ecosystems and conservation-management cases. We also acknowledge that additional cases could provide further insights into the applicability of our results in other contexts, and so we presented the necessary methodological detail to allow for confirmative or comparative analyses. Collectively such case studies can enable generalization and collective knowledge about phenomena like anthropogenic drivers of change (Polkinghorne 1995 
